Twenty-three indole alkaloids were isolated from Aspidosperma desmanthum and A. spruceanum. Alkaloids 1-4 were isolated from the leaves, 5-8 from the stem bark and 9-15 from the root bark of A. desmanthum. Alkaloids 5, 11, 16, 17 and 19 were isolated from the stem bark, 18 and 20-22 from the root bark and 23 from the flowers of A. spruceanum. Compounds 4, 14, and 15 have not been previously reported as natural products while 16 and 20 have been isolated for the first time from the genus Aspidosperma. Their structures were determined by spectroscopic techniques including 1D and 2D NMR experiments (COSY, NOESY, HSQC, HMBC). The antiparasitic activity of these compounds was tested against Trypanosoma cruzi and Leishmania infantum and their non-specific cytotoxicity on mammalian cells. The most active compounds were 10, 12, 13, and 14 from A. desmanthum, and 19, 21 and 22 from A. spruceanum. Aspidolimine (10) aspidocarpine (12) and tubotaiwine (21) showed selective activity against L. infantum.
The genus Aspidosperma (Apocynaceae) comprises about 300 species distributed in tropical and subtropical areas between Mexico and Argentina [1] . Traditionally, these species have been used as folk remedies in tropical medicine against fever and rheumatism, as antiviral and antiprotozoal agents, and have been reported as being useful in the treatment of malaria [2] [3] [4] . This genus is known for its content of indole alkaloids [5, 6] . Specifically, indole alkaloids from the stem bark of A. spruceanum and A. desmanthum from Brazil have been recently reported [7] [8] .
As part of an ongoing collaborative study on antiparasitic agents from Peruvian plants [9] [10] [11] [12] we describe here the isolation and structural determination of twenty-three indole alkaloids ( Figure 1 ) from A. desmanthum and A. spruceanum from the Peruvian Amazonian region: twelve indole alkaloids with a plumerane type skeleton (neblinine, alalakine, tabersonine, haplophitine subtypes), five corynanthe type (normacusine B, aspidodasicarpine, akuammiline subtypes), four aspidospermatane type (tubotaiwine subtype), and the known alkaloids rhazinilam and pagicerine. Their structures have been established by means of spectroscopic techniques (IR, UV, 1 H and 13 C NMR, including 1D and 2D experiments (COSY, NOESY, HSQC and HMBC), HREIMS, and by comparison with published data (unless noted otherwise). The antiparasitic activity of these compounds has been tested against Trypanosoma cruzi and Leishmania infantum and their non-specific cytotoxicity evaluated on mammalian cells.
The known indole alkaloids, obscurinervine, obscurinervidine and dihydroobscurinervine (1) (2) (3) , were identified on the basis of 1 H and 13 C NMR (including homo and heteronuclear 1 H-1 H-COSY, HSQC, and HMBC experiments), UV and IR spectroscopic data, and by high resolution mass spectrometry (HREIMS). Their mass spectra showed molecular ions at m/z 438.2152 (100%), ( 13 C-NMR spectra (DEPT). The NMR spectroscopic data of alkaloid 5 was similar to that reported for E-akuammidine. The relative stereochemistry of C-3 ( H 4.22, d, H-3) and C-16 ( C 51.3, s) were established by a NOESY experiment ( Fig. 2) . Therefore, 5 was identified as E-akuammidine, a sarpagine type indole alkaloid previously isolated from A. quebrachoblanco [17] [18] [19] . The UV spectrum of alkaloid 6 showed absorption wavelengths at 214, 240 and 315 nm, associated with a 2-acylindole moiety [20] . The 1 H and 13 C NMR spectra of alkaloid 6 exhibited characteristic signals of a 2,3-disubstituted indole ( H 7.16-7.75, aromatic protons), an ethylidene group [( H 1.73 (3H, dd, J = 1.9, 7.0 Hz),  C 12.1 (q), 5.34 (1H, q, J = 6.7 Hz),  C 116.6 (d)] and a carbomethoxy group [ H 2.52 (3H, s),  C 51.0 (q)] strongly shielded by the indole ring. Its 13 C NMR spectrum showed tetrahydro-1,3-oxazine disubstituted group signals, usually found in the vobasinevincadiffine alkaloids [21] . The relative stereochemistry of 6 was established by a NOESY experiment and identified as pagicerine, a rare vobasine type indole alkaloid previously isolated from Pagiantha cerifera and Rauvolfia yunnanensis [21, 22] . This is the first report on the isolation of pagicerine from the genus Aspidosperma.
The UV spectrum of alkaloid 7 showed the characteristic pattern of an unsubstituted dihydroindole on a benzene ring; this was confirmed by the presence of four aromatic proton signals at  H 7.16-7.75 in the NMR spectrum. The structure of 7 was determined unambiguously by HREIMS and from 1D and 2D NMR data as aspidodasycarpine, previously isolated from A. dasycarpon [23] [24] .
Alkaloids 8 and 23 were spruceanumines A and B, two known plumeran indole alkaloids, previously isolated from A. spruceanum [7] . Alkaloids 9, 16 and 20 were desacethylakuammiline, 10-methoxydesacethylakuammiline and 10-methoxyakuammiline (akuammiline type), previously isolated from Rhazya stricta [25] and Catharanthus roseus tissue culture [26] . The structures of alkaloids 10 and 12 were established as aspidolimine and aspidocarpine, two plumerane type (subtype tabersonine) indole alkaloids, previously isolated from several Aspidosperma species (A. limae, A. obscurinervium, A. album, A. formosanum, A. limae, A. marcgravianum, A. megalocarpon, A. neblinae, A. oblongum and A. olivaceum) [27] [28] [29] [30] [31] [32] . Alkaloids 11 and 17-19 were identified as aspidolimidine, N-acetyl-N-despropionylaspidoalbine (N-acetylaspidoalbine), haplocine and aspidoalbine [33] [34] [35] [36] .
The IR spectrum of alkaloid 13 showed amide and carbonyl amide absorption bands at 3216 and 1670 cm -1 , respectively. Its NMR spectrum displayed vinyl protons on the pyrrole nucleus at  H 6.5 (1H, d, J = 2.6 Hz, H-5) and 5.75 (1H, d, J = 2.5 Hz, H-6), which correlated with similar protons on 1,2,3-substituted pyrroles. Based on the complete NMR study, the structure of 13 was determined as rhazinilam, an indole secoalkaloid previously isolated from different Apocynaceae species [37, 38] . Tables 2 and 3 ). The comparison of their spectroscopic data with those published for 11-methoxylimatin and 11-methoxylimatinin [43] led us to establish that alkaloids 14 and 15 shared the same indole structure (aspidospermatan type, tubotaiwine subtype), except for the absence of C-19 / C-20 unsaturation. Therefore the structures of alkaloids 14 and 15 were established as 19,20-dihydro-11-methoxy-(+)limatinine and 19,20-dihydro-11-methoxy-(+)-limatin. These compounds have not been previously described as natural products except for the melting point and low resolution mass spectrum of alkaloid 14, which have been described as the hydrogenation product of 11-methoxy-(+)-limatinine [43] .
The structures of alkaloids 21 and 22 were determined by comparison of their 1 H and 13 C NMR spectroscopic data as tubotaiwine and 11-methoxytubotaiwine, isolated from different species in the family Apocynaceae [39] [40] [41] [42] .
A preliminary screening showed significant antiparasitic effects of bark alkaloidal extracts from the Aspidosperma species studied here against T. cruzi and L. infantum (data not shown). Aspidolimine (10) and aspidocarpine (12) showed strong effects against L. infantum (GI 50 = 4.91 and 2.95 µg/mL, respectively) ( Table 4 ). These compounds were structurally related to 12-hydroxy-Nacetylaspidospermidine, isolated from Geissospermum reticulatum, which were active against L. infantum and T. cruzi [10] . Aspidocarpine (12) showed moderate cytotoxicity (GI 50 = 62.7 µg/mL) and was not active (GI 50 ≈ 100 µg/mL) against T. cruzi, indicating a selective action against Leishmania. Aspidolimine (10) had a significant (GI 50 = 25.5 µg/mL) cytotoxicity, while being inactive (GI 50 ≈ 100 µg/mL) against T. cruzi. Aspidospermidine and aspidospermine, structurally related to 10 and 12, were active against chloroquine resistant strains of Plasmodium falciparum [44] . Compound 11 has been previously tested against P. falciparum, but was inactive [44] . Aspidospermidine and aspidospermine, structurally related to 10 and 12, were active against chloroquine resistant strains of Plasmodium falciparum [44] . Compound 11 has been previously tested against P. falciparum, but was inactive [44] . Rhazinilam (13) showed a significant activity (GI 50 = 17.2 µg/mL) against T. cruzi, and moderate-low activity (GI 50 = 53.4) against L. infantum. This compound has been previously described as cytotoxic to KB cells [45] .
19,20-Dihydro-11-methoxy-(+)-limatinine (14) was selectively active (GI 50 = 21.0 µg/mL) against L. infantum, but was not cytotoxic (GI 50 ≈ 100 µg/mL). This is the first report on the biological activity of this compound. Aspidoalbine (19) was moderately active against L. infantum (GI 50 = 32.2 µg/mL). Haplocine (18) demonstrated antiplasmodial activity in previous reports [44] , but it could not be assessed in this study due to lack of availability. Tubotaiwine (21) and 11-methoxytubotaiwine (22) were active on L. infantum, with 21 being more active than 22 (GI 50 = 5.9 and 11.2 µg/mL respectively), but did not affect either T. cruzi or CHO cells. This is the first description of their antiparasitic activity. Compounds 21 and 22 bind to opioid receptors and have analgesic effects [46] [47] . Previous studies indicated that 21 inhibits cholinesterase activity in vitro [48] .
In conclusion, eighteen Aspidosperma indole alkaloids from a total of twenty-three have been tested against T. cruzi and L. infantum. Seven were active against L. infantum (10, 12, 13, 14, 19, 21, 22) and one against T. cruzi (13) . The most active compounds were isolated from the root bark of A. desmanthum {aspidocarpine (12) and aspidolimine (10)} and the stem bark of A. spruceanum {(tubotaiwine (21), 11-methoxytubotaiwine (22)}. These active alkaloids were selective against L. infantum and showed low cytotoxicity against CHO. Extract F was chromatographed on a silica gel column eluted with an n-hexane /ethyl acetate gradient of increasing polarities to give fractions F 1 (81, 6 mg) and F 2 (15.5 mg). F 1 was purified by PTLC on neutral alumina (4 plates, 20 x 20 cm and 2.0 mm thick and 20.0 mg in each plates) and eluted twice with n-hexane/ethyl acetate (55:45) to give compounds 1-3 (21.9 mg, 1.30 x 10 -2 %; 24.3 mg, 3.17 x 10 -2 %; 3.8 mg, 8.5 x 10 -3 %), respectively. F 2 (15.5 mg) was purified by a silica gel CC (0.5 x 5.0 cm) eluted with an ethyl acetate / methanol gradient of increasing polarity to give alkaloid 4 (3.2 mg, 1.9x10 -3 %). Extract G was chromatographed on a neutral alumina column eluted with an n-hexane / ethyl acetate / methanol gradient of increasing polarity to give fractions G 1 (170.6 mg), G 2 (106.9 mg) and G 3 (46.1 mg) . Further purification of G 1 and G 2 by Sephadex LH-20 CC eluted with n--hexane-CH 2 Cl 2 -MeOH (3:2:1) and G3 by PTLC on neutral alumina (2 plates, 20 x 20 cm, 2.0 mm thick and 23.0 mg in each plates) eluted twice with n-hexane/ethyl acetate (55:45) gave alkaloids 5-9 and 8, 9, respectively: 5 (5.6 mg, 7.3 x 10 -3 ), 6 (43.5 mg, 5.6 x 10 -2 ), 7 (31.3 mg, 4.09 x 10 -2 ), 8 (23.9 mg, 3.04 x 10 -2 ), and 9 (20.3 mg, 2.65 x 10 -2 ). Extract C was chromatographed on an alumina column eluted with a n-hexane / ethyl acetate / MeOH gradient of increasing polarity to give fractions C 1 (53.2 mg), C 2 (135.7 mg), C 3 (202.1 mg), C 4 (135.9 mg) and C 5 (288.0 mg). Alkaloid 10 (40.5 mg, 7.5x10 -3 ), was obtained from fraction C 1 by crystallization (n-hexane: ethyl acetate). Alkaloids 11-15 were isolated from fractions C 2 -C 5 . Alkaloids 11-13 were isolated from fraction H (3.15 g) by alumina CC eluted with a n-hexane / ethyl acetate / MeOH gradient of increasing polarity: 11 (91.6 mg, 1.66 x 10 -2 ), 12 (60.0 mg, 1.02 x 10 -2 ), 13 (5.0 mg, 9.0 x 10 -3 ), 14 (16.0 mg, 0.3 x 10 -3 ) and 15 (50.1 mg, 0.91 x 10 -2 ). Extracts D, E, I and J were chromatographed on alumina columns eluted with n-hexane / ethyl acetate / MeOH gradients of increasing polarity to give alkaloids 16-20, 19-22, 5,  17, 18 and 16, 19, 21, 23 , respectively. Flowers of A. spruceanum (50.0 g) were extracted with ethanol for 8 days and the ethanolic extract obtained after removing the solvent in vacuo (6.0 g, 12%) was treated as described above to give crude alkaloid extract K (107.7 mg, 2.15%). This was chromatographed on an alumina column eluted with a n-hexane / ethyl acetate / MeOH gradient of increasing polarity to give alkaloid 23.
